Abstract: The aims of this study were to develop a Sudanese-Arabic version of the English-language Oral Health Impact Profile-14 (OHIP-14), assess the psychometric properties and performance of this new instrument, and then use it to investigate the impacts of selected oral disorders on oral health-related quality of life (OHRQoL). Sudanese adolescents and adults (age, ≥ 16 years; 781 males and 1107 females) attending outpatient clinics in Khartoum State were enrolled. The OHIP-14 was adapted, and the validity and reliability of the Sudanese-Arabic version of the questionnaire (OHIP-14s-ar) were assessed. The OHIP-14s-ar was then used to measure OHRQoL. Pearson correlation coefficients and multivariate analysis were used to examine relationships between OHRQoL and characteristics ascertained by interviews and clinical examinations. The OHIP-14s-ar had suitable construct validity, reliability, and internal consistency (i.e., Cronbach α). More than half of the participants reported that oral disorders affected quality of life; psychological discomfort and physical pain were the most frequently reported oral health impacts. Our results suggest that being female, tooth decay, systemic illness, and dry mouth worsen OHRQoL. The oral disorder with the greatest impact was dental caries, and tooth condition seemed to be more important than absence of teeth. The OHIP14s-ar yielded convincing psychometric data, and its performance makes it a suitable measure for future cross-sectional and longitudinal studies in Sudan. (J Oral Sci 55, 123-132, 2013)
Introduction
Clinical indicators are indispensable in assessing oral health. However, comprehensive assessments of oral health should include patient self-reports on oral health. Such assessment is necessary, as patient perceptions are likely to differ from those of health care professionals (1) . Inclusion of subjective, as well as objective, health assessments would help in developing better strategies for health promotion, disease prevention programs, and distribution of health resources (2) . As part of this effort, several oral health-related quality of life (OHRQoL) measures have been developed (3) (4) (5) (6) (7) (8) (9) . While some measures of oral health status were developed to provide an index of the impact of oral disorders, others place functional disorders and their social consequences in a hierarchy of outcomes.
Slade and Spencer (10) developed and validated the original Oral Health Impact Profile (OHIP-49), which was based on Locker's conceptual model of oral health (11) . This model linked oral disorders with biological, behavioral, and psychosocial consequences, using a framework from the World Health Organization (WHO) document, The WHO International Classification of Impairments, Disabilities and Handicaps (ICIDH) (12) . The Oral Health Impact Profile questionnaire has welldocumented psychometric properties and has been used in both cross-sectional and longitudinal studies (13) (14) (15) . It consists of 49 questions and measures seven dimensions, including functional limitations, physical pain, psychological discomfort, physical disability, psychological disability, social disability, and other handicaps. A shortened version of this profile, the (OHIP-14), consists of a 14-item questionnaire that has been developed and validated (16) . Although the authors suggested that shortening the scale meant sacrificing some of the comprehensiveness of the original OHIP scale, its practical utility was improved. Its use in cross-sectional surveys has been documented, and its discriminant validity is well established (13, 17) .
To date, there is little information on how oral disorders affect OHRQoL in African populations. To adequately address the oral health needs and concerns of Sudanese patients, it is essential to understand the impact of oral disorders on daily living and QoL by developing, or culturally adapting, a psychometric instrument such as the OHIP-14. We hope that this effort will increase understanding of how Sudanese patients perceive their oral health care needs and assist in identifying the oral health outcomes they seek.
We used a Sudanese-Arabic version of the Oral Health Impact Profile 14 (OHIP-14s-ar) to assess the impact of oral disorders on OHRQoL and identify factors associated with poorer OHRQoL.
Materials and Methods

Study design
This cross-sectional oral health survey was part of a study conducted from August 2009 through March 2010 that was designed to assess the functional and psychosocial impact of dental disease. Participants were recruited from individuals attending outpatient dental hospitals (n = 1,659) and dental health centers (n = 229) distributed among the seven provinces (Um Durman, Khartoum Bahri, Khartoum, Jabal Aulia, Sharg En Nile, Karary, and Um badda) of Khartoum State. Sudan was the largest country in Africa before South Sudan became an independent country on 9 July 2011. It was divided into 25 states, and Khartoum State, the capital, was the most densely populated state. The study sample comprised 1,888 patients, divided into seven age groups: 16-24 (n = 431), 25-34 (n = 616), 35-44 (n = 368), 45-54 (n = 253), 55-64 (n = 113), 65-74 (n = 77), and 75+ years (n = 22). Sample size was calculated using the formula for proportion estimates, assuming a tooth loss prevalence of 67% (as indicated by previous Sudanese studies) (18, 19) with a precision of 3; the design effect was set at 2. The sampling frame for the study was the public dental service in Sudan. Health care systems in Khartoum have three levels (federal, state, and locality). All outpatient dental clinics in these facilities (which mainly provide basic dental services) were included in the sampling frame. The sample size of each outpatient clinic was obtained by the equation nh = (Nh/N)*n, where nh was the sample size of each outpatient clinic h, Nh the population size (number of outpatients during a 3-month period at the specific hospital or dental health center) for stratum h, N the total population size (total number of outpatients during a 3-month period at all hospitals and dental health centers), and n total sample size (1, 888) . Full details of the sampling procedures have been published elsewhere (20) . Patients were selected consecutively until the required number of patients from the different hospitals and dental health centers were enrolled.
Only 37 patients declined to participate or did not fulfill the inclusion criteria. Individuals were excluded from the study if they presented with severe malocclusion (e.g., prognathism), neurological disease, mental disability, or acute pain that could have interfered with the interview or clinical examination. Any subject with a history of rheumatic fever, heart murmur, endocarditis, or valvular heart disease, or with any artificial joint (usually hip or knee), did not undergo periodontal examination. The principal reasons for not participating were lack of time on the part of the patient and impatience to receive treatment.
Written consent was obtained from all patients. The National Ethical Clearance Committee of the Federal Ministry of Health in Khartoum, Sudan approved the study protocol (2009).
Data collection
Interviews Data on sociodemographic, behavioral, and medical characteristics were collected by using a questionnaire administered in interviews by one of five calibrated dentists. Sociodemographic variables included age, sex, ethnic group, and socioeconomic status (occupation, total monthly income, education). Behavioral variables included frequency and reason for dental visits, number of teeth removed at final visit (if applicable), tobacco use and manner of consumption, and frequency and methods used for dental hygiene.
Because of developing interest in the relationship between oral and general health, we felt it necessary to ascertain some of the important medical characteristics of the population sample and thus included items on medication use, previous surgery, and details of diagnosed medical conditions. Participants were also asked "How often does your mouth feel dry?" and were given the following response options: "always", "frequently", "occasionally", and "never". For the purpose of analysis, those who responded "always" or "frequently" were classified as xerostomic. The interviews were completed within 15-20 min and were conducted in a confidential atmosphere before the clinical investigation.
The subjective impact of oral conditions was assessed in two ways. First, single, global items assessing perceived need for dental treatment were provided, using the response categories "no", "yes", and "don't know"; self-perceived oral and general health were assessed on an ordinal scale as "good", "fair", and "poor". Singleitem global self-ratings are short and have been used in larger population surveys (21) . The disadvantage of such items is that they fail to meet the requirements of a multidimensional construct. In this study, they were used to determine convergent validity of the OHIP-14s-ar. Second, the shortened version of the Oral Health Impact Profile (OHIP-14), translated into Sudanese Arabic, was used to assess OHRQoL.
Adaptation of the OHIP
To create an Arabic version of the OHIP-14, translation guidelines using a forward-backward approach were followed based on previous studies (22, 23) . For the forward translation, two teams of bilingual dentists first independently translated the English version of the OHIP-14. The dentists then collaborated to produce one common translation. For the back translation, two back-translations were independently produced by two bilingual translators working from the revised version of the questionnaire. Neither translator had access to the original English version of the questionnaire. A team consisting of the two Arabic linguistic experts and the forward translators then reviewed all the translations and reached a consensus on discrepancies. The team consolidated all versions of the questionnaire and developed the final version for field-testing. The final Arabic version was pilot-tested on a convenience sample of 20 participants. Each participant completed the questionnaire and was interviewed to reveal whether s/he understood the meaning of each questionnaire item and the chosen response, which was done to ensure that the colloquial Sudanese Arabic language version was appropriate. Responses were then reviewed by the committee. After reviewing the results, the final OHIP-14 Sudanese Arabic (s-ar) was revised accordingly.
The format of a typical question was as follows: "How often during the last 12 months have you had (impact item) because of problems with your teeth, mouth, or dentures?". Responses to each OHIP question were made on a Likert-type scale to indicate if the impact had occurred "never", "hardly ever", "occasionally", "fairly often", or "very often". For analysis, the responses were coded from 0 (for a response of "never") to 4 (for a response of "very often"). The total score was then calculated by summing responses of fairly often/very often (17, 24) , and responses of occasionally/fairly often/ very often (25) . Using this approach, total score ranged from 0 to 14, and corresponding percentages or means were calculated. When computing OHIP scores, subjects with missing data for more than two items on the OHIP were excluded from the analysis. Higher scores indicate poorer OHRQoL.
Clinical examination
Five calibrated dentists, including the principal investigator, conducted the clinical examinations using dental units from the clinics, a dental mirror, and a WHO periodontal probe. The clinical examination included a full-mouth recording of the tooth status of 32 teeth using the decayed-missing-filled-teeth (DMFT) index. Decay was recorded if a carious cavity was visually present, and a community periodontal index (CPI) probe was used to confirm visual evidence of caries. In addition to dental status, periodontal health was assessed using the CPI; prosthetic status and need were established according to WHO criteria (26) . The 12 upper and lower anterior teeth were examined for tooth wear (27, 28) . (29), the ICC was fair to good for CPI, excellent for DMFT, and fair to good for tooth wear.
Reliability
Data analysis
Analyses were performed using the statistical software package STATA, Release 9 (Stata Statistical Software 2005; StataCorp LP, College Station, TX, USA).
Evaluation of OHIP Validity
Validity tests were carried out to ensure that the instrument was quantifying what it was intended to measure. Data from the first administration were used to assess the validity of the instrument. Because there was no "gold standard", construct validity was assessed. Two types of construct validity tests were performed: convergent and discriminant validity (30, 31) . Convergent validity describes how closely a measure is related to other measures of the same construct and was evaluated by identifying associations between perceived oral health status, general health status, perceived need for dental care, and OHIP scores. For convergent validity, we hypothesized that lower OHIP-14 scores would be associated with no perceived need for treatment and better self-reported oral and general health. We investigated the relationship between the 3 variables (self-rated oral health status, general health status, and perceived need for dental treatment) and OHIP-14 scores. The D'Agostino test of goodness-of-fit, which evaluates skewness and kurtosis, was used to test for normality and revealed a non-normal distribution of OHIP scores. Thus, we used the nonparametric Kruskal-Wallis 1-way analysis of variance, using ranks to assess associations between scores and other variables.
Discriminant validity assesses the extent to which a scale can distinguish between groups with known differences. We compared OHIP scores and the following clinical oral health variables: ≥ 21 vs. 0-20 teeth, 0 vs. ≥ 1 missing teeth, <.18 vs. ≥ 18 sound untreated natural teeth (SUNT), 0 vs. ≥ 1 decayed teeth (DT), presence vs. absence of tooth wear, healthy periodontal tissues vs. presence of periodontal pockets ≥ 4 mm, and presence vs. absence of a prosthesis. For discriminant validity, we hypothesized that higher OHIP-14 scores would be associated with decay, number of missing teeth, tooth wear, periodontal pockets ≥ 4 mm, and prosthesis status. The associations between oral conditions and OHIP-14 scores were also examined using the Kruskal-Wallis test. Reliability We examined 2 types of reliability in this study: internal consistency and test-retest reliability.
Internal consistency is a measure typically based on correlations between different items on the same test (or the same subscale of a larger test). We used Cronbach α to measure internal consistency (32) . The Cronbach reliability coefficient was based on responses during the first administration and was used to determine whether removal of individual questions would increase the instrument's reliability.
Test-retest reliability was assessed by calculating ICCs, using scores from repeated administrations of the OHIP-14s-ar to 20 pilot patients. Two weeks elapsed between administrations of the test, and ICCs were calculated for OHIP subscales.
Frequency distributions and bivariate and multivariate logistic regression analysis
Data were analyzed by frequency distribution, and bivariate analysis was carried out using the Pearson χ 2 test. The dependent variable of OHIP-14s-ar was dichotomized using the cut-off points never/hardly ever versus occasionally/fairly often/very often. The independent categorical variables included sociodemographic characteristics (eg, sex, age group, ethnic group, occupation, monthly household income, and education level), behavioral measures (e.g., frequency of dental visits, tobacco use, and frequency and type of dental hygiene), medical variables (e.g., frequency of mouth dryness, surgical history, and presence of systemic illness).
Clinical variables were dichotomized into ≥ 21 vs. 0-20 teeth, 0 vs. ≥ 1 missing teeth, < 18 vs. ≥ 18 SUNT, 0 vs. ≥ 1 DT, presence vs. absence of tooth wear, healthy periodontal tissues vs. presence of periodontal pockets ≥ 4 mm, and presence vs. absence of a prosthesis.
Finally, categorical variables of self-reported general health (good, fair, poor), oral health (good, fair, poor), and need for treatment (no, yes, don't know) were also included.
Only factors identified as significant by the Pearson χ 2 test were entered into the multivariate logistic regression model, after which odds ratios (ORs) were calculated. ORs provide a more readily interpretable measure of the strength of association between the dependent and independent variables.
Results
Evaluation of OHIP
Convergent validity
Self-perceived oral and general health statuses, as well as need for treatment, were significantly associated (P ≤ 0.05) with total score on the OHIP-14s-ar regardless of whether scores were calculated using responses of fairly often/often or occasionally/fairly often/often (Table 1) .
Discriminant validity
The oral health outcomes of tooth loss (i.e., ≥ 21 vs. 0-20 teeth; 0 vs. ≥ 1 missing teeth) were significantly associated with total score on the OHIP-14s-ar regardless of whether scores were calculated using responses of fairly often/often or occasionally/fairly often/often.
Tooth decay (0 vs. ≥ 1 DT) was significantly associated with total score on the OHIP-14s-ar when scores were calculated using responses of occasionally/fairly often/ often (Table 2) . OHIP-14s-ar score was not associated with tooth wear, periodontal pockets ≥ 4 mm, or prosthesis status.
Test-retest reliability
The ICC for reliability among 20 participants who underwent assessment of the 7 OHIP-14s-ar subscales on two occasions ranged from 0.89 to 0.99 (average among raters) and from 0.8 to 0.97 (average for a typical rater) ( Table 3 ). According to Shrout and Fleiss (33) , an ICC > 0.75 indicates excellent reliability. The Bland Altman (34), or difference, plot is a scatter diagram of the differences (OHIP−OHIP2) between the averages of two measurements and is used to examine test-retest reliability. Horizontal lines are drawn at the mean difference and at the limits of the agreement, which are defined as the mean difference ± 1.96 times the SD of the differences. In the present study the arithmetic mean was 0.01071 (95% CI, -0.01 to 0.03), the SD was 0.16, the lower limit was -0.30 (95% CI, -0.33 to 0.28), and the upper limit was 0.32 (95% CI, 0.29 to 0.35). The limits of agreement represent the test-retest differences that can be expected for 95% of the subjects in the sample.
Internal consistency
Internal consistency (Cronbach α) of the OHIP-14s-ar was assessed using the responses of the 1888 participants included in the survey. The Cronbach α for the OHIP14s-ar was 0.81, and α values for the seven subscales ranged from 0.75 to 0.78 (Table 4 ). According to Bland and Altman (35) , a Cronbach α of 0.70-0.80 is desirable.
Distribution of responses to the OHIP scale
Number of problems was ascertained by a simple count (SC) of impacts experienced during the previous year (Fig. 1) . The proportion of respondents experiencing a problem was 50.3% (SC), using the cut-off point occasionally/often/very often. The threshold "occasionally or more" was chosen to capture the responses of participants who had one impact episode. The types of impacts occasionally/fairly often/often experienced by adults are shown in Fig. 2 ; 47% felt psychological discomfort (defined as feeling tense or self-conscious), and 7% of those felt this way "very often". Some (37%) felt physical pain from discomfort while eating or an aching mouth, and 5% experienced this impact "very often". Psychological disability with difficulty in relaxing, or embarrassment due to their oral condition, was reported in (26%) of the sample. Social disability (experiencing irritability or difficulty doing usual jobs) occurred in 22% of the sample, and 16% felt handicapped by their oral condition, as indicated by feeling that life was less satisfying or that they were unable to function due to their oral condition. Physical disability with interrupted meals or poor diet occurred in 15% of respondents. Functional limitations due to trouble pronouncing words or taste disturbances were encountered least, in 11% of the participants.
Distribution of responses to global self-ratings
Only 40% rated their oral health as good, as compared with 69% who rated their general health as good. Almost 89% reported needing dental treatment (Table 1) .
Characteristics associated with OHIP in Sudanese adults: Pearson χ 2
OHIP score was significantly associated with sex, frequency of dental visits, mouth rinsing, use of medication, mouth dryness, disease status, tooth loss, self-rated (2) 0.81 Physical pain (2) 0.78 Psychological discomfort (2) 0.75 Physical disability (2) 0.78 Psychological disability (2) 0.76 Social disability (2) 0.76 Handicap (2) 0.78 oral and general health, and perceived need for dental treatment (Table 5) .
Characteristics associated with OHIP in Sudanese adults: multivariate logistic regression analysis of the survey results
All independent factors found significant by Pearson χ 2 analysis were entered in one step into a multivariate logistic regression model, along with the dichotomized OHIP-14s-ar variable as the dependent factor. Details of variables associated with statistically significant increases in the risk of oral disease are shown in Table 6 . Females were significantly more likely (OR, 1.38) than males to present with reduced OHRQoL. Risk was also significantly higher among participants who reported dry mouth occasionally (OR, 1.77), frequently (OR, 2.67), or always (OR, 14.09). People with positive disease status (OR, 1.47) or tooth decay (OR, 1.44) rated their oral health fair (OR, 1.29) or poor (OR, 2.2). In addition, those who thought they required dental treatment (OR, 2.44) were more likely to report reduced QoL.
Discussion
Our findings suggest that people are affected in different ways by their oral condition. For some, the impact can be substantial. Prevalence and severity rates among dental patients using the OHIP-14s-ar are probably higher than those from a random population sample. Our sample consisted of people who already had a problem that led them to seek treatment.
The cross-cultural adaptation of the OHIP-14s-ar was done using published guidelines (23, 36, 37) . Even though the OHIP-49 had been previously translated into Arabic (22) and used in a Saudi population, cultural differences and difficulty in understanding some of the questions led us to develop a version more suitable for the Sudanese population. To our knowledge, this is the first time the OHIP-14 was used to investigate OHRQoL among Suda- 
Dimension
Percentage of respondents
Occasionally Fairly often Very often nese adults.
In consideration of the diversity of the sample, which included illiterate people, the questionnaire was administered as an interview. This principle has been applied in several studies (10, 24) . Completion rates for the survey were excellent: less than 1% of the responses including missing items. Patient compliance was good, and the length of the OHIP-14s-ar seemed adequate as part of the lengthy questionnaire used for the whole survey. The main reason for using the short-form OHIP was to ease the burden on patients and clinicians. In addition, the findings of Slade (16) indicated that the OHIP-14 has good reliability, validity, and precision.
The Sudanese Arabic version of the OHIP-14s-ar preserved the overall concept of the original, English version. This study demonstrated that the OHIP is internally consistent (as shown by the Cronbach α). The Cronbach α for internal consistency in this study was slightly lower than in studies by van der Meulen or John (23, 36) , similar to values obtained by Slade and Spencer (10) , and higher than those from Lopez (38) .
The ICCs (33) calculated in our test-retest analyses were excellent, possibly because the interval between administrations of the questionnaire was only 2 weeks.
Our values were slightly higher than those reported in other studies (23, 36) . The adequate reliability on the OHIP-14s-ar was confirmed by the Bland-Altman plot (34) , which showed that 95% of differences were within the limits of agreement.
The convergent and discriminant validity of the index is supported by the associations of the OHIP-14s-ar with a single-item rating of dental/general health, perceived need for treatment, and with three dental outcomes. The largest impact was found for the outcome having < 20 teeth (mean OHIP score, 9.6; Table 2), which emphasizes the poorer OHRQoL in that group. Although we hypothesized that tooth wear, periodontal pockets ≥ 4 mm, and prosthesis status would support the discriminant validity of the OHIPs-ar, these associations were not confirmed. These dental outcomes may have had little impact on OHRQoL because of the small number of people in this sample with moderate to severe tooth wear (9.7%), periodontal pocketing (9.2%), and prosthodontic appliances (3%).
The prevalence of having one or more impacts at least occasionally was 50.3%, and 14.7% reported impacts from five or more items. This is similar to findings reported for dentate adults in an adult dental health (25) . Nearly 50% of people felt psychological discomfort, i.e., feeling tense or self-conscious. Physical pain due to an aching mouth or discomfort while eating was ranked second (37%). This differs from the findings of a previous study (25) , which found that pain was the most frequently encountered impact (40% of participants). Considering the nature of the outpatient clinics in Khartoum State, it is surprising that pain was not a more important issue.
We suspected that subjects would more frequently report functional limitations, discomfort, and pain than physical, psychological, and social disability (and that fewer still would experience a handicap). The results of the present model revealed that psychological discomfort and pain were the most frequently reported problems, followed by psychological and social disability, which were followed by experiencing a handicap. Physical disability and functional limitations were the least frequently reported problems. These findings differ from those of Nuttall et al. (25) , whose results supported a model hierarchy in which experiencing a handicap was the least frequent impact. These differences might be due to slight differences in the conceptualization and interpretation of questions, dissimilarities in the characteristics of the populations, and/or differences in the perceived severity of oral health across cultures (39) .
Even though the Pearson χ 2 test showed significant associations between several characteristics and OHIPsar scores, only a few relationships remained significant when entered into the logistic regression model. In our logistic regression, no significant relationships were observed between age and OHIPs-ar scores. A study (13) of the impact of oral health on daily living showed that people lost more teeth as they grew older but that adults aged 70 years or older had better mean impact scores as compared with younger age groups. This might be because older adults have lower expectations for their oral health. An inverse relation between OHIP and age has been observed elsewhere (40, 41) .
Poorer OHRQoL was observed in females, which is consistent with findings from a cohort study (14) that found that women generally reported poorer OHRQoL as compared with men for each OHIP-14 measure. Dry mouth was significantly associated with OHRQoL outcomes; this finding is similar to those from a study of older adults (age, 52-100 years) by Locker (42) and a study of younger adults (age, 32 years) by Thomson (43) .
A significant relationship between presence of tooth decay and poorer OHRQoL has been previously reported (25) . As in our study, those who perceived their oral health as poor had worse OHRQoL (15) . Significant associations between prevalence, extent, and severity scores on the OHIP-14 and three global ratings on the QoL measure were also observed by Locker et al. (44) . Worsening of OHRQoL due to illness is understandable, as the oral complications of many systemic diseases can compromise QoL. Those who thought they needed dental treatment also had poorer OHRQoL, which indicates that patients are able to understand their own symptoms.
The most relevant finding of the present study is that dental caries was the medical condition with the greatest impact. In addition, tooth condition seemed to play a greater role than the actual absence of teeth.
In conclusion, we used the OHIP-14s-ar to measure OHRQoL. The OHIP-14s-ar had suitable convergent and discriminant validity and appropriate internal consistency (as indicated by Cronbach α). This makes it suitable for cross-sectional and longitudinal studies. In addition to psychological discomfort, physical pain was a frequently experienced oral health impact, indicating that teeth need to be restored before decay becomes so advanced that it results in irreversible pulpal disease. Our results suggest that female sex, tooth decay, systemic illness, and dry mouth worsen OHRQoL. Strategies to improve general as well as oral health among Sudanese, especially for groups at high risk, could help reduce the effects of oral disorders on OHRQoL.
